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Abstract
Objective To assess the symptoms of heat illness expe-
rienced by surface mine workers.
Methods Ninety-one surface mine workers across three
mine sites in northern Australia completed a heat stress
questionnaire evaluating their symptoms for heat illness. A
cohort of 56 underground mine workers also participated
for comparative purposes. Participants were allocated into
asymptomatic, minor or moderate heat illness categories
depending on the number of symptoms they reported.
Participants also reported the frequency of symptom
experience, as well as their hydration status (average urine
colour).
Results Heat illness symptoms were experienced by 87
and 79 % of surface and underground mine workers,
respectively (p = 0.189), with 81–82 % of the symptoms
reported being experienced by miners on more than one
occasion. The majority (56 %) of surface workers were
classified as experiencing minor heat illness symptoms,
with a further 31 % classed as moderate; 13 % were
asymptomatic. A similar distribution of heat illness clas-
sification was observed among underground miners
(p = 0.420). Only 29 % of surface miners were considered
well hydrated, with 61 % minimally dehydrated and 10 %
significantly dehydrated, proportions that were similar
among underground miners (p = 0.186). Heat illness cat-
egory was significantly related to hydration status
(p = 0.039) among surface mine workers, but only a trend
was observed when data from surface and underground
miners was pooled (p = 0.073). Compared to asymptom-
atic surface mine workers, the relative risk of experiencing
minor and moderate symptoms of heat illness was 1.5 and
1.6, respectively, when minimally dehydrated.
Conclusions These findings show that surface mine
workers routinely experience symptoms of heat illness and
highlight that control measures are required to prevent
symptoms progressing to medical cases of heat exhaustion
or heat stroke.
Keywords Heat illness  Heat exhaustion  Mine
workers  Hydration status  Dehydration
Introduction
The climatic conditions in the tropics of northern Australia
are commonly hot and humid, particularly in summer, and
are conducive to heat stress. Wet-bulb globe temperatures
in excess of 30 C have been recorded at surface mine sites
in Western Australia (Miller and Bates 2007a, b), which
surpasses the level at which the International Organisation
of Standardisation recommends ceasing light intensity
work (International Organisation for Standardisation 1989).
A particular health and safety concern for working in
places with high environmental heat stress is the risk of
developing heat illness.
Several ailments encompassed by the broad definition of
heat illness include miliaria rubra (heat rash), muscle
cramps, heat exhaustion and heat stroke. Miliaria rubra
presents as a rash on the skin with an itching or burning
sensation, resulting from inflammation of blocked sweat
glands during long periods of sweating (Holzle and
Kligman 1978). Muscle cramps are a painful involuntary
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muscle contraction thought to occur due to either dehy-
dration and electrolyte depletion, or neuromuscular fatigue
(Schwellnus 2009). The more severe forms of heat illness
include heat exhaustion and heat stroke. Signs and symp-
toms of heat exhaustion include headache, nausea or
vomiting, weakness and fatigue, dizziness, clammy skin,
rapid heart rate and breathing, and irritability (Donoghue
et al. 2000; Shahid et al. 1999; Shearer 1990; Backer et al.
1999). Heat exhaustion is caused by a failure of the car-
diovascular system to simultaneously supply adequate
blood flow to the vital organs, working muscles and the
skin (Shahid et al. 1999). Dehydration and loss of elec-
trolyte balance as a result of high sweat rates are key
factors in the experience of heat exhaustion (Backer et al.
1999; Donoghue et al. 2000; Shahid et al. 1999; Shearer
1990). If thermoregulation fails to prevent body tempera-
ture from rising excessively, heat stroke will develop. A
high body temperature, hot and dry skin, confusion,
reduced muscle coordination, irrational behaviour, loss of
consciousness and convulsions are the primary signs and
symptoms of heat stroke (Rae et al. 2008; Shahid et al.
1999; Heled et al. 2004; Sithinamsuwan et al. 2009; Pease
et al. 2009). Heat stroke is commonly fatal or will leave
permanent tissue damage (Rae et al. 2008; Shahid et al.
1999; Heled et al. 2004; Sithinamsuwan et al. 2009; Pease
et al. 2009).
Few scientific studies have investigated the incidence of
heat illness in the mining industry, and the data that are
available are from a decade ago, which may not accurately
reflect the current concern posed by heat stress due to
changes in mining methods, mechanisation and climate.
Previous research has revealed that miliaria rubra, muscle
cramps and heat exhaustion are a health and safety issue at
specific underground mining sites (Shearer 1990; Donoghue
and Sinclair 2000; Donoghue et al. 2000). Fifty-five cases of
heat illness were documented at an underground mine in
South Africa over a 6-month period (Shearer 1990). Thirty-
seven of these reported muscle cramps, three of which
complained of vomiting and two of dizziness as well. The
remaining 18 were associated with collapse or fainting
and nine of these also experienced muscle cramps. At an
Australian underground mine over a 12-month period, 106
cases of heat exhaustion were reported (an incidence of 43
cases per million man hours), 65 % of which also reported
muscle cramps (Donoghue et al. 2000). These data sug-
gest that there were two cases of heat illness per week at
both of these mines at the time the research was con-
ducted. Thirty of the cases in the Australian mine
occurred in February (summer), bringing the mean num-
ber of reported heat illness closer to one per day during
this period. Anecdotal evidence from medical personnel at
underground coal mines in the United Kingdom concur
with this finding, reporting a heat-related incident
occurring every day, ranging from heat rash to loss of
consciousness (Hanson and Graveling 1997).
Heat illness has been suggested to occur along a con-
tinuum of ailments (Coris et al. 2006; Goldman 2001; Kark
et al. 1991), because relatively minor symptoms can
quickly progress into more serious and life-threatening
cases if appropriate actions are not taken to alleviate the
condition (Hanson and Zimmerman 1979; Hart et al. 1980;
Hughson et al. 1980). Whilst experiencing symptoms of
heat illness may not indicate medically reportable cases of
heat illness, it does suggest a high degree of heat strain and
that the physiological systems of the body may be strug-
gling to meet the demands of thermoregulation. To ensure
the safety and health of the workforce, the experience of
heat illness symptoms should be assessed. This will shed
light on the issues facing this workforce in relation to heat
stress and direct efforts to reduce the risk of a medically
reportable case of heat illness.
Most of the research investigating heat illness in the
mining industry is out-dated and has focused on under-
ground mining operations, with little attention given to
surface mines. This is in spite of the fact that surface mine
sites also expose workers to considerable heat stress (Miller
and Bates 2007a, b) with many performing physically
demanding tasks with very limited protection from direct
exposure to sunlight. Limited data exist to document the
incidence of heat illness at surface mines; however, the
available evidence suggests a similar or higher incidence of
heat illness at surface mines compared to underground
(Donoghue 2004). Therefore, the aim of this study was to
assess the symptoms of heat illness experienced by surface
mine workers. Symptom experience and other factors rel-
evant to heat stress were evaluated through self-report
questionnaire of mine workers.
Methods
Participants and procedures
One hundred and forty-seven miners employed by the one
mining contractor participated in this study. Ninety-one
worked at surface mine sites in the Mackay (n = 20) and
north-west (n = 35) regions of Queensland, and the Pilbara
region of Western Australia (n = 36). These locations are
between latitude 20–21 south and are above the Tropic of
Capricorn. The remaining 56 worked at an underground
operation in the north-west region of Queensland. This
sample of underground miners was included to allow for
comparison with surface mine workers and to provide a
link with previously published research into heat illness in
the mining industry. This sample size represents 99 % of
the contractor’s workforce exposed to heat stress at these
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mine sites, as only one underground miner declined to
participate. Data were collected from participants via a
questionnaire. Completing the questionnaire constituted
consent to participate in the study, which received ethical
approval from the Queensland University of Technology
Human Research Ethics Committee.
The questionnaire was developed to assess the heat
illness symptoms experienced by surface mine workers,
along with several other topic areas pertinent to working in
conditions of heat stress. The content of the questionnaire
was informed by earlier visits to mine sites where miners
were exposed to extreme environmental conditions con-
sistent with heat stress problems. Discussions with miners
during these visits provided qualitative information on
working in these conditions and opinions on the effec-
tiveness of controls to reduce the risk of heat stress prob-
lems. In completing the questionnaire, participants
indicated whether they had experienced any symptoms of
heat illness in the past 12 months. The list of symptoms
was compiled as the most common symptoms experienced
during heat exhaustion and/or heat stroke and was in
agreement with the conditions as outlined by the scientific
and occupational hygiene communities (Backer et al. 1999;
Donoghue et al. 2000), including the American College of
Sport Medicine’s position stand on exertional heat illness
during training and competition (Armstrong et al. 2007),
the Australian Institute of Occupational Hygienists Heat
Stress Standard (DiCorleto et al. 2002), review articles on
environmental thermal stress and industry (Keim et al.
2002; Pickering and Tuck 1997), and first aid texts (Close
2007). If symptoms were experienced, participants were
also asked to indicate the frequency of symptom experi-
ence (once or more than once) and the season in which it
occurred.
Questions relating to hydration practices included the
frequency and volume of fluid consumption during work.
Participants were provided with an urine colour chart and
asked to rate their average urine colour during work to
estimate their usual hydration status (Armstrong et al.
1994). The participants also indicated their age, gender,
self-report height and weight, and job category. The list of
job categories, including operator maintainer, drillers, blast
crew, maintenance and other, was developed from previous
questionnaire research in the industry (Parker et al. 2005)
and in consultation with occupational health and safety
staff.
The questionnaire was reviewed by several occupational
health and safety staff from two independent contractors to
the mining industry. Feedback was provided in relation to
the questionnaire format, the applicability of the informa-
tion to be gathered and the clarity of questions asked. Their
feedback was used to update and enhance the questionnaire
prior to its distribution to the workforce.
Several weeks prior to administration of the question-
naire, workers on the sites selected were informed of the
goals of the survey, how the information would be used and
the process by which they would receive feedback of the
results. These procedures were considered important in
achieving good response rates and gaining the trust of the
workforce. The questionnaire was administered by a
member of the research team to small groups of workers
(3–15) before commencing or immediately after a work
shift. This allowed for a complete explanation of the pur-
pose of the questionnaire to the participants and to answer
any questions that were raised. Participants were also
informed that their responses remained anonymous and
that management would not be provided with information
pertaining to individual employees. This was an ethical
requirement, but was also important to ensure consistent
administration of the survey and encourage an accurate and
reliable response to the questions (Polit and Beck 2004).
Analysis
The information provided was used to produce several
additional variables including hydration status and heat
illness symptom experience. Hydration status was derived
from the self-report rating of urine colour, a rating of 1–2
were considered well hydrated, 3–4 minimal dehydration
and 5–8 significant dehydration (Casa et al. 2000). Due to
the high incidence of heat illness symptoms, it was not
feasible to separate the sample into asymptomatic and
symptomatic groups. The following criteria was used to
separate the sample into asymptomatic, minor and mod-
erate heat illness categories: Respondents reporting four
out of eight heat exhaustion symptoms (headache, nausea,
vomiting, weakness, fatigue, dizziness, clammy/moist skin
or irritability), and/or three out of seven of the heat stroke
symptoms (high body temperature, hot and dry skin, con-
fusion, low muscle coordination, irrational behaviour, loss
of consciousness or convulsions), were classed as moderate
heat illness (these symptoms may not necessarily have
occurred simultaneously, on the same day). Those report-
ing less symptoms were allocated to a minor heat illness
category, and those reporting zero symptoms were classi-
fied as asymptomatic.
Categorical variables were summarised as counts and
percentages. Continuous variables were summarised as
means and standard deviation (unless otherwise stated).
Independent samples t-test were conducted to assess the
differences between surface and underground miners for
age, height, body mass, body mass index (BMI) and mean
number of heat illness symptoms. Differences between job
category and site regions for the number of heat illness
symptoms experienced by surface mine workers were
assessed by one-way analysis of variance. Pearson’s
Int Arch Occup Environ Health (2013) 86:519–527 521
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Chi-square analysis was performed when both dependent
and independent variables were categorical. Rate ratios
were calculated for significant Chi-square observations.
Statistical significance was set at a\ 0.05.
Results
The demographic and anthropometric characteristics of the
study participants are summarised in Table 1. The majority
of participants were male (95.5 % of surface and 96.4 % of
underground workers). No significant differences between
surface and underground mine workers were observed for
age (p = 0.828), height (p = 0.893), body mass (p =
0.889) and BMI (p = 0.937).
Heat illness symptoms experienced by workers are pre-
sented in Table 2. At least one symptom of heat illness was
reported by 86.8 and 78.6 % of surface and underground
miners respectively (p = 0.189). A higher proportion of
underground miners experienced heat rash (p = 0.018),
whereas surface miners proportionately experienced more
clammy moist skin (p = 0.057), hot and dry skin
(p = 0.034) and perceived high body temperature
(p = 0.032). All other symptoms occurred in similar pro-
portions between the mine sites. The mean number of
symptoms reported was 4.2 ± 3.5 and 3.9 ± 3.7 for surface
and underground mine workers, respectively, and the dif-
ference being non-significant (p = 0.678).
For each symptom of heat illness experienced, respon-
dents also indicated the frequency (once or more than once)
and season (summer, autumn, winter and spring) of
symptom experience. Eighty-two per cent of symptoms
reported by surface mine workers were experienced more
than once. Similarly, 81 % of underground mine workers
reported experiencing symptoms on more than one occa-
sion. Of all the symptoms experienced, surface miners
reported 90 % to have occurred during the summer months,
compared to 76 % of the symptoms experienced during
summer by underground miners.
Of the 91 surface mine workers who participated there
were 10 (11.2 %) operator/maintainers, 28 (31.5 %) drill-
ers, 19 (21.3 %) blast crew, 17 (19.1 %) maintenance and
Table 1 Demographic and
anthropometric characteristics
of the study participants
Surface n = 91 Underground n = 56 Total n = 147
Age (years) 36.0 ± 9.5 35.6 ± 8.1 35.8 ± 9.0
Height (m) 1.79 ± 0.09 1.79 ± 0.09 1.79 ± 0.09
Body mass (kg) 89.5 ± 14.5 89.9 ± 15.9 89.6 ± 15.0
BMI (kg/m2) 28.0 ± 3.8 27.9 ± 3.7 27.9 ± 3.7
Table 2 Heat illness symptoms
reported by surface and
underground mine workers
* Pearson’s Chi-square,
p \ 0.05
a Values summarise count and
percentage (%) of workers
reporting each symptom
Symptom Surfacea
n = 91
Undergrounda
n = 56
Rate ratio
(surface/underground)
Totala
n = 147
Red rash on skin* 22 (24.2) 24 (42.9) 0.6 46 (31.3)
Muscle cramp 38 (41.8) 23 (41.1) 1.0 61 (41.5)
Fainting 0 (0.0) 1 (1.8) – 1 (0.7)
Headache 55 (60.4) 36 (64.3) 0.9 91 (61.9)
Nausea 11 (12.1) 13 (23.2) 0.5 24 (16.3)
Vomiting 6 (6.6) 7 (12.5) 0.5 13 (8.8)
Weakness 27 (29.7) 19 (33.9) 0.9 46 (31.3)
Fatigue 58 (63.7) 27 (48.2) 1.3 85 (57.8)
Dizziness 14 (15.4) 9 (16.1) 1.0 23 (15.6)
Clammy/moist skin* 19 (20.9) 5 (8.9) 2.3 24 (16.3)
Irritability 25 (27.5) 14 (25.0) 1.1 39 (26.5)
Hot and dry skin* 29 (31.9) 9 (16.1) 2.0 38 (25.9)
High body temperature* 44 (48.4) 17 (30.4) 1.6 61 (41.5)
Confusion 9 (9.9) 5 (8.9) 1.1 14 (9.5)
Irrational behaviour 11 (12.1) 6 (10.7) 1.1 17 (11.6)
Low coordination 9 (9.9) 3 (5.4) 1.8 12 (8.2)
Loss of consciousness 2 (2.2) 0 (0.0) – 2 (1.4)
Convulsions/seizures 1 (1.1) 0 (0.0) – 1 (0.7)
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15 (16.9 %) categorised as other. Mean number of symp-
toms reported were not significantly different between job
categories for surface mine workers (operator maintainer:
3.5 ± 3.0, drillers: 5.7 ± 3.9, blast crew: 3.8 ± 3.7,
maintenance: 3.5 ± 2.9, and other: 3.0 ± 3.2, F = 2.038,
p = 0.096). When broken down into the geographical
regions, the mean number of symptoms reported was also
insignificant (north-west Queensland underground: 3.9 ±
3.7, north-west Queensland surface: 5.2 ± 3.8, Mackay:
3.7 ± 3.7, Pilbara: 3.4 ± 3.0, F = 1.591, p = 0.194).
Among surface mine workers, 28.8 % were classified as
well hydrated, 61.3 % as minimally dehydrated and 10.0 %
as significantly dehydrated according to their self-reported
average urine colour. For underground miners, 14.6, 72.9
and 12.5 % were classified as well hydrated, minimally
dehydrated and significantly dehydrated, respectively. The
proportion of workers in each hydration category was
similar between surface and underground mine sites
(p = 0.186). Table 3 presents an estimate of the amount of
fluid consumed per shift for both surface and underground
mine workers, based on the median number of drinks per
shift and volume per drink. During work, water was the
type of fluid most often consumed by both surface and
underground workers (87 and 94 %), with few respondents
indicating tea/coffee, soft drink, sports drink or ‘‘other’’ as
most often consumed. In contrast, when on breaks, the
number of workers consuming water most often was lower
among surface and underground workers (52 and 41 %).
On breaks, there was increased consumption of tea and/or
coffee (26 and 26 %) and soft drinks (20 and 24 %), the
remaining respondents indicating either sports drink or
‘‘other’’ as consumed most often.
Fifty-one (56.0 %) surface mine workers were classified
as experiencing minor heat illness, 28 (30.8 %) as mod-
erate heat illness and 12 (13.2 %) as asymptomatic. Simi-
larly, 28 (50.0 %) and 16 (28.6 %) underground miners
were classified with minor and moderate heat illness,
respectively, with 12 (21.4 %) being asymptomatic. The
proportion of miners in either minor or moderate heat ill-
ness, or asymptomatic, categories did not differ between
surface and underground mine sites (p = 0.420). The
relationship between heat illness category and hydration
status is summarised in Table 4. Compared to asymptom-
atic miners, the relative risk of miners with moderate
symptoms of heat illness was 0.3 and 1.5 for the well
hydrated and minimally dehydrated categories, respec-
tively. For minor symptoms of heat illness, the relative risk
was 0.5 and 1.6 for well hydrated and minimally dehy-
drated miners, respectively, compared to asymptomatic
miners. When combined with underground miners, the
Table 3 Estimated fluid consumption per shift
Count (%)b Volume per
drink (mL)
Median (range) number
of drinks per shift
Fluid consumption
(L/shift)a
Surface 37 (40) \330 9.5 (1–30) 3.1
19 (21) 330–600 8 (4–20) 4.8
3 (3) 600–1,250? 8 (3–25) 10.0
Underground 21 (38) \330 12.5 (3–100) 4.1
8 (14) 330–600 11 (5–60) 6.6
2 (4) 600–1,250? 11 (10–12) 13.8
a Calculated as the median number of drinks per day multiplied by the highest volume per drink
b Several subjects provided ambiguous responses to these questions, and their data was excluded from analysis
Table 4 Chi-square analysis of
heat illness classification
compared to hydration status
O observed cell count,
E expected cell count
Asymptomatic Minor heat
illness
Moderate heat
illness
Chi-square df p
O E O E O E
Surface mine workers
Well hydrated 7 3.5 12 12.4 4 7.2 10.057 4 0.039
Minimal dehydration 5 7.4 28 26.3 16 15.3
Significant dehydration 0 1.2 3 4.3 5 2.5
Total mine workers
Well hydrated 8 5.2 17 15.7 5 9.1 8.556 4 0.073
Minimal dehydration 13 14.4 45 44.0 26 25.6
Significant dehydration 1 2.4 5 7.3 8 4.3
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relative risk of moderate symptoms was 0.4, 1.1 and 4.5,
and for miner symptoms was 0.7, 1.1 and 1.6 for well
hydrated, minimally dehydrated and significantly dehy-
drated miners (compared to the asymptomatic category).
Discussion
The aim of this investigation was to assess the symptoms of
heat illness experienced by surface mine workers. The
present study revealed 87 % of surface mine workers
reported experiencing symptoms of heat illness, with over
90 % of these symptoms experienced in summer. Raising
the concern posed by this finding is the frequency of
symptom experience. More than 80 % of the symptoms
experienced were reported to have occurred on more than
one occasion. The high proportion of repeat occurrences
suggests that the experience of heat illness symptoms is a
common problem for surface mine workers.
The most commonly reported symptoms of heat illness
included fatigue, headache, high body temperature and
muscle cramp (Table 2). The incidence of these symptoms
is consistent with those reported previously in cases of heat
exhaustion requiring medical treatment at an underground
mine site (Donoghue et al. 2000). Of 106 underground
miners presenting with heat exhaustion, 78 % experienced
fatigue, 67 % headache, 81 % nausea, 57 % dizziness and
65 % muscle cramps (Donoghue et al. 2000). Similarly,
among recreational hikers suffering heat exhaustion, 40 %
reported headache, 80 % dizziness and nausea and 46 %
experienced muscle cramps (Backer et al. 1999). As such,
the symptomology of the present study sample is consistent
with the symptoms common to heat exhaustion in other
recreational and occupational settings. Further to this,
48 % of the present sample reported a perceived high body
temperature and 32 % experienced hot and dry skin
(Table 1), which are symptoms of heat stroke (Sithin-
amsuwan et al. 2009).
The similarities in heat illness symptom experience
observed between surface and underground miner’s raises
the concern that cases of heat illness may be going unre-
ported in the industry. The proportion of the workforce
experiencing at least one symptom and the mean number of
symptoms reported did not differ between the surface and
underground mine types. Also, the proportion of workers in
each heat illness category was not associated with the type
of mining operation. The similarities between surface and
underground miners persisted with the frequency and sea-
son of symptom experience. This is concerning in the light
of the fact that over a 12-month period, 106 cases of heat
exhaustion requiring medical treatment were reported at an
underground mine in Australia (Donoghue et al. 2000). In
contrast, accessible data from the Queensland (Australia)
mining industry suggest that heat illness is a rare occur-
rence (The State of Queensland 2009), with only four lost
time injuries recorded (reported between 2003 and 2008)
where the mechanism of injury was ‘‘exposure to envi-
ronmental heat’’, all of which occurred at surface coal
mines. This disparity between research and industry find-
ings may in part be due to the definition of a lost time
injury, requiring a worker to be off work for more than
1 day or shift (Worksafe Australia 1990). Interestingly, of
the 106 cases of heat exhaustion at an underground mine
(Donoghue et al. 2000), 72 % returned to work the fol-
lowing day, on either full or restricted duties. Therefore,
heat exhaustion may not impair the workers for a sufficient
duration for the incident to be categorised as a lost time
injury. This may be contributing to the under-reporting of
heat illness. As such, the industry data may not accurately
reflect the health issues posed by heat stress in the mining
industry. The findings of Donoghue (2004) support this
suggestion, as the incidence of medically reported cases of
heat illness was similar, if not higher, among surface
miners compared to underground in the United States
mining industry. Therefore, the high proportion of surface
mine workers experiencing symptoms of heat illness is a
significant health and safety concern for this workforce and
highlights that heat exhaustion may be occurring at a much
higher incidence than reported.
The high proportion of workers reporting symptoms is
also concerning as it has been suggested that heat illness
occurs along a continuum of ailments (Kark et al. 1991;
Coris et al. 2006; Goldman 2001). Minor symptoms of heat
illness can quickly progress to serious or life-threatening
cases if appropriate control measures are not taken to
alleviate the condition (Hanson and Zimmerman 1979;
Hart et al. 1980; Hughson et al. 1980). Therefore, unless
preventive controls are implemented, there is a risk that the
symptoms of heat illness, reported by surface miners, may
progress to cases of heat illness requiring medical inter-
vention. As such, workers need to be aware of the warning
symptoms of heat illness and know the appropriate actions
to prevent the condition from worsening.
Heat exhaustion develops from dehydration and circu-
latory insufficiency, where the cardiovascular systems
cannot adequately supply both vital organs and skin vas-
culature with sufficient blood flow (Shahid et al. 1999;
Carter et al. 2006). The majority of surface mine workers in
the present study reported a ‘‘minimal dehydration’’ level
during work (urine colour of 3–4). For surface mine
workers, hydration status was related to heat illness cate-
gory (Table 4), such that those who were more dehydrated
were more likely to experience minor or moderate symp-
toms of heat illness, compared to asymptomatic miners.
The proportion of workers falling into each category of
hydration status was similar for underground miners. When
524 Int Arch Occup Environ Health (2013) 86:519–527
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surface and underground data was pooled, only a trend for
the association between hydration category and heat illness
category was observed (Table 4), but the relative risk
continued to reveal a greater risk for miner and moderate
symptoms to be experienced with greater degrees of
dehydration, when compared to asymptomatic miners.
These data suggest that there is an increased risk of
experiencing symptoms of heat illness when dehydrated,
with greater levels of dehydration increasing the risk. This
finding aligns with research from South Africa and Aus-
tralia which concluded that dehydration and loss of elec-
trolyte balance is a contributor to heat illness cases
requiring medical attention among underground miners
(Donoghue et al. 2000; Shearer 1990). In addition, dehy-
dration has also been significantly associated with heat
illness symptoms experienced during American football
training sessions (Coris et al. 2006), in cases of heat
exhaustion in recreational settings (Armstrong et al. 1988;
Backer et al. 1999) and during religious ceremonies
(Shahid et al. 1999). The findings of the present study are
in agreement with these previous studies and extend these
findings to surface mine workers. This suggests that
hydration status is a key element in the experience of heat
illness symptoms and may be a precursor to the early stages
of heat illness.
The estimated fluid intake for the majority of the
workers in the present study may shed light on their
hydration status. Table 3 shows that most surface (62 %)
and underground (68 %) workers consume approximately
3.1 or 4.1 L of fluid per shift, respectively, with the
remainder consuming greater amounts. This volume is
similar to that observed in outdoor workers (surface miners
and dock workers) in Western Australia (Miller and Bates
2007a), but is much lower than the 8.9 L consumed per
shift by construction workers (Miller and Bates 2007a).
Over a twelve-hour shift, the fluid consumption (present
study) equates to approximately 0.25–0.34 L/h. This is
lower than reported among petroleum workers in north-west
Australia (*0.46 L/h) (Gazey et al. 1996) and underground
miners (0.46–0.8 L/h) (Brake and Bates 2003; Hanson et al.
2000). Alternatively, some underground miners have been
estimated to lose 0.46 L of sweat per hour and only replace
50–60 % of that in fluids, leading to a fluid intake of
0.23–0.28 L/h (Kalkowsky and Kampmann 2006) and
resulting in a 1.9–2.4 % loss in body mass over the shift.
When comparing the present findings to these similar
workforce populations, it suggests that many of the workers
in the current study may not be consuming sufficient fluids
to replace sweat losses and maintain adequate hydration.
Several job categories at surface mines expose workers
to the prevailing climatic conditions, including drillers,
blast crews and maintenance personnel. Since each job
category performs differing work tasks and has slight
variations in exposure to heat stress, it is foreseeable that
there may be a difference in the heat illness symptoms
experienced by these groups. Although not statistically
significant, the mean number of symptoms reported for
these job categories tended to be highest (5.7) among
drillers, and lowest for ‘‘other’’ job categories (3.0), with a
similar amount for the remaining categories (3.5–3.8). The
authors observed that drillers had no access to air-condi-
tioned break rooms during their shift, whereas all other job
categories did. This finding suggests that air-conditioned
break rooms may be an important control measure in
reducing the effects of heat stress at surface mine sites.
Further research is required to elucidate other factors that
may influence the risks of heat illness these job categories
are exposed to. The work intensity, differences in oppor-
tunities to control heat exposure and types of protective
clothing worn are important factors that may differ
between the job categories that would have a considerable
influence on the risk of heat illness due to the their impact
on heat production and loss.
Finally, with such a high proportion of workers expe-
riencing symptoms of heat illness, many on more than one
occasion, consideration should also be given to how this
may affect their work performance, and whether other
safety issues may arise as a result. For example, research
reports an increase in unsafe work behaviours when WBGT
progresses above 23 C (Ramsey et al. 1983). Such find-
ings suggest that workers may be at increased risk of
accident and injury. In the textile industry of India, one
third of workplace accidents occurred in the summer
months of May and June (Nag and Nag 2001). Also, with
increases in apparent temperature above 32 C, acute
injury rates have been found to increase at an aluminium
smelting plant in the United States (Fogleman et al. 2005).
The experience of heat illness symptoms is one indication
that the individual may not be coping with the work
environment. Even if a case of heat illness requiring
medical attention does not eventuate, it may be a contrib-
uting factor to an increased risk of accident and injury.
The strengths and weaknesses of the current study
design should be considered in the interpretation of the
results. The strength of this study includes the cross-sec-
tional design, which provided a snapshot of the health and
safety attitudinal profiles of the workforce and highlights
where workplace health and safety strategies and inter-
vention programs could be developed. On the other hand,
descriptive study designs have some inherent weaknesses
as the results are by definition descriptive only and
although suggestive, do not allow for causal relationships
to be drawn. Self-report data are prone to recall bias by
respondents, where they may be more likely to respond in a
way they believe a ‘‘good’’ employee should. Also,
responses elicited in workplace surveys can also be
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influenced by issues such as job security. Clear confiden-
tiality and anonymity procedures should have alleviated
most concerns, but these issues cannot be altogether
excluded. A small sample size, when divided into com-
parison groups, may have affected the statistical findings
observed, particularly for comparisons of job category and
mine site location. Finally, two considerations relating to
the reporting of symptoms should be noted. Symptoms
were reported over a 12-month period and did not neces-
sarily occur simultaneously. If they had occurred on the
same day, this would suggest a greater likelihood that a
heat illness had occurred, but it cannot be confirmed by the
present evaluation of symptoms. Also, the symptom of
‘‘high body temperature’’ should be interpreted with cau-
tion as it was based on the perception of the miners and not
through direct measurement.
Conclusions
The vast majority of surface mine workers have experi-
enced symptoms of heat illness and many on more than one
occasion. The high proportion of surface mine workers
experiencing symptoms of heat illness is a significant
health and safety concern for this workforce as it suggests a
high degree of heat strain and that the physiological sys-
tems of the body may be struggling to meet the demands of
thermoregulation. These findings highlight that control
measures need to be in place to prevent symptoms of heat
illness from progressing to medical cases of heat exhaus-
tion or heat stroke.
The experience of heat illness symptoms was associ-
ated with hydration status, such that those who were more
dehydrated were at increased risk of moderate symptoms
of heat illness. The estimation of fluids consumed by the
workers suggests that they may not be consuming suffi-
cient amounts to replace sweat losses, contributing to the
poor hydration status observed in the majority of the
workforce (surface and underground). Therefore, there is a
clear need for future research to validate the survey
findings by conducting physiological monitoring of both
core body temperature and hydration status in surface
mine workers to determine whether the heat strain expe-
rienced places these workers at increased risk of heat
illness and to identify individual differences underlying
these conditions.
Acknowledgments The authors would like to acknowledge and
thank Downer EDI Mining for the support provided to conducting this
research.
Conflict of interest The authors declare that they have no conflict
of interest.
References
Armstrong LE, Hubbard RW, Szlyk PC, Sils IV, Kraemer WJ (1988)
Heat intolerance, heat exhaustion monitored: a case report. Aviat
Space Environ Med 59(3):262–266
Armstrong LE, Maresh CM, Castellani JW, Bergeron MF, Kenefick
RW, LaGasse KE, Riebe D (1994) Urinary indices of hydration
status. Int J Sport Nutr 4(3):265–279
Armstrong LE, Casa DJ, Millard-Stafford M, Moran DS, Pyne SW,
Roberts WO (2007) American College of Sports Medicine
position stand: exertional heat illness during training and
competition. Med Sci Sport Exerc 39(3):556–572
Backer HD, Shopes E, Collins SL, Barkan H (1999) Exertional heat
illness and hyponatremia in hikers. Am J Emerg Med
17(6):532–539
Brake DJ, Bates GP (2003) Fluid losses and hydration status of
industrial workers under thermal stress working extended shifts.
Occup Environ Med 60(2):90–96
Carter R, Cheuvront SN, Vernieuw CR, Sawka MN (2006) Hypohy-
dration and prior heat stress exacerbates decreases in cerebral blood
flow velocity during standing. J Appl Physiol 101(6):1744–1750
Casa DJ, Armstrong LE, Hillman SK, Montain SJ, Reiff RV, Rich
BSE, Roberts WO, Stone JA (2000) National athletic trainers
association position statement: Fluid replacement for athletes.
J Athl Trainning 35(2):212
Close A (2007) Emergency care, 7th edn. LifeAid, Warrandyte
Coris EE, Walz SM, Duncanson R, Ramirez AM, Roetzheim RG
(2006) Heat illness symptom index (HISI): a novel instrument
for the assessment of heat illness in athletes. South Med J
99(4):340–345
DiCorleto RD, Coles G, Firth I (eds) (2002) Documentation of the
heat stress standard developed for use in the Australian
environment. The Australian Institute of Occupational Hygien-
ists, Tullamarine
Donoghue AM (2004) Heat illness in the U.S. mining industry. Am J
Ind Med 45(4):351–356
Donoghue AM, Sinclair MJ (2000) Miliaria rubra of the lower limbs
in underground miners. Occup Med-C 50(6):430–433
Donoghue AM, Sinclair MJ, Bates GP (2000) Heat exhaustion in a
deep underground metalliferous mine. Occup Environ Med
57(3):165–174
Fogleman M, Fakhrzadeh L, Bernard TE (2005) The relationship
between outdoor thermal conditions and acute injury in an
aluminum smelter. Int J Ind Ergonom 35(1):47–55
Gazey C, Bates G, Matthew B (1996) Fluid loss and replacement in
petroleum workers from the north west of Western Australia.
J Occup Health Safety—Aust NZ 12(4):457–461
Goldman RF (2001) Introduction to heat-related problems in military
operations. In: Pandolf KB, Burr RE (eds) Medical aspects of
harsh environments, vol 1. Office of the Surgeon General at
TMM Publications, Washington, pp 3–49
Hanson MA, Graveling RA (1997) Development of a code of practice
for work in hot and humid conditions in coal mines. Institute of
Occupational Medicine, Edinburgh
Hanson PG, Zimmerman SW (1979) Exertional heatstroke in novice
runners. JAMA-J Am Med Assoc 242(2):154–157
Hanson MA, Cowie HA, George JPK, Graham MK, Graveling RA,
Hutchison PA (2000) Physiological monitoring of heat stress in
UK coal mines. Institute of Occupational Medicine, Edinburgh
Hart LE, Egier BP, Shimizu AG, Tandan PJ, Sutton JR (1980)
Exertional heat stroke: the runner’s nemesis. Can Med Assoc J
122(10):1144–1150
Heled Y, Rav-Acha M, Shani Y, Epstein Y, Moran DS (2004) The
‘‘golden hour’’ for heatstroke treatment. Mil Med 169(3):
184–186
526 Int Arch Occup Environ Health (2013) 86:519–527
123
Holzle E, Kligman AM (1978) The pathogenesis of miliaria rubra.
Role of the resident microflora. Br J Dermatol 99(2):117–137
Hughson RL, Green HJ, Houston ME, Thomson JA, MacLean DR,
Sutton JR (1980) Heat injuries in Canadian mass participation
runs. Can Med Assoc J 122(10):1141–1142
International Organisation for Standardisation (1989) ISO 7243: hot
environments—estimation of the heat stress on working man
based on the WBGT-index. International Organisation for
Standardisation, Geneva
Kalkowsky B, Kampmann B (2006) Physiological strain of miners at
hot working places in German coal mines. Ind Health 44(3):465–
473
Kark J, Gardner J, Hetzel D, Jarmulowicz M, Larkin T, Francis L,
Anderson L, Estella E (1991) Exertional heat injury in US
marine recruits (abstract). Am J Epidemiol 134:743
Keim SM, Guisto JA, Sullivan JB (2002) Environmental thermal
stress. Ann Agr Env Med 9(1):1–15
Miller V, Bates G (2007a) Hydration of outdoor workers in northwest
Australia. J Occup Health Saf—Aust NZ 23(1):79–87
Miller VS, Bates GP (2007b) The thermal work limit is a simple
reliable heat index for the protection of workers in thermally
stressful environments. Ann Occup Hyg 51(6):553–561
Nag PK, Nag A (2001) Shiftwork in the hot environment. J Hum
Ergol (Tokyo) 30(1–2):161–166
Parker T, Worringham C, Greig K, Woods S (2005) Age-related
changes in work ability and injury risk in underground and open-
cut coal miners. Australian Coal Association Research Program
Pease S, Bouadma L, Kermarrec N, Schortgen F, Regnier B, Wolff M
(2009) Early organ dysfunction course, cooling time and
outcome in classic heatstroke. Intensive Care Med 35(8):1454–
1458
Pickering EIAJ, Tuck MA (1997) Heat: sources, evaluation, deter-
mination of heat stress and heat stress treatment. Mining Technol
79:147–156
Polit DF, Beck CT (2004) Nursing research: principles and methods,
7th edn. Lippincott Williams and Wilkins, Philadelphia
Rae DE, Knobel GJ, Mann T, Swart J, Tucker R, Noakes TD (2008)
Heatstroke during endurance exercise: is there evidence for
excessive endothermy? Med Sci Sport Exer 40(7):1193–1204
Ramsey JD, Burford CL, Beshir MY, Jensen RC (1983) Effects of
workplace thermal conditions on safe work behaviour. J Safety
Res 14:105–114
Schwellnus MP (2009) Cause of exercise associated muscle cramps
(EAMC)—altered neuromuscular control, dehydration or elec-
trolyte depletion? Br J Sport Med 43(6):401–408
Shahid MS, Hatle L, Mansour H, Mimish L (1999) Echocardiographic
and Doppler study of patients with heatstroke and heat exhaus-
tion. Int J Cardiac Imaging 15(4):279–285
Shearer S (1990) Dehydration and serum electrolyte changes in South
African gold miners with heat disorders. Am J Ind Med 17(2):
225–239
Sithinamsuwan P, Piyavechviratana K, Kitthaweesin T, Chusri W,
Orrawanhanothai P, Wongsa A, Wattanathum A, Chinvarun Y,
Nidhinandana S, Satirapoj B, Supasyndh O, Sriswasdi C,
Prayoonwiwat W (2009) Exertional heatstroke: early recognition
and outcome with aggressive combined cooling–a 12-year
experience. Mil Med 174(5):496–502
The State of Queensland (2009) Mines safety statistics. http://www.
dme.qld.gov.au/mines/mines_safety_statistics.cfm. Accessed 19
March 2010
Worksafe Australia (1990) AS 1885.1: Workplace injury and disease
recording standard. Standards Australia, Sydney
Int Arch Occup Environ Health (2013) 86:519–527 527
123
